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(57) ABSTRACT 

A motion analysis apparatus includes an action detection 
portion that detects a first action performed in correlation 
with a hit ball direction after a subject hits a ball using 
measured data which is measured by a sensor unit attached 
to at least one of golf club and the subject, a hit ball 
information generation portion that specifies a hit ball direc 
tion according to the first action so as to generate hit ball 
information including the hit ball direction, a motion analy 
sis portion that analyzes motion in which the Subject has hit 
the ball, so as to generate motion analysis information, and 
a storage processing portion that stores the motion analysis 
information and the hit ball information in correlation with 
each other. 
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MOTION ANALYSIS APPARATUS, MOTION 
ANALYSIS SYSTEM, MOTION ANALYSIS 
METHOD, AND DISPLAY METHOD AND 
PROGRAM OF MOTION ANALYSIS 

INFORMATION 

TECHNICAL FIELD 

0001. The present invention relates to a motion analysis 
apparatus, a motion analysis system, a motion analysis 
method, and a display method and a program of motion 
analysis information. 

BACKGROUND ART 

0002. In sports such as golf, tennis, and baseball, it is 
considered that athletic ability can be improved by improv 
ing rhythm or form of a Swinging motion, and, thus, in recent 
years, a motion analysis apparatus has been put into practical 
use, in which motion of a Subject is analyzed and is 
presented using output data from a sensor attached to an 
exercise appliance. For example, PTL 1 discloses an appa 
ratus in which an acceleration sensor and a gyro sensor are 
attached to a golf club, and the golf Swing of a Subject is 
analyzed. 

CITATION LIST 

Patent Literature 

0003 PTL 1: JP-A-2008-73210 

SUMMARY OF INVENTION 

Technical Problem 

0004. However, as in the apparatus disclosed in PTL 1, in 
a motion analysis apparatus of the related art, motion 
analysis regarding, for example, a Swing speed or a Swing 
trajectory can be performed using output data from the 
sensor, but it is hard to analyze an actual hit ball direction on 
the basis of the output data from the sensor. Therefore, a 
result of the motion analysis cannot be associated with a hit 
ball direction, and, thus, in a case where a Subject desires 
association therebetween, it is necessary to perform trouble 
Some manual work Such as checking a hit ball direction with 
the naked eye and writing the direction on paper. 
0005. The invention has been made in consideration of 
the above-described problems, and some aspects of the 
invention are to provide a motion analysis apparatus, a 
motion analysis system, a motion analysis method, and a 
display method and a program of motion analysis informa 
tion, capable of associating a result of motion analysis with 
a hit ball direction. 

Solution to Problem 

0006. The invention has been made in order to solve at 
least some of the above-described problems, and can be 
realized in the following aspects or application examples. 

APPLICATION EXAMPLE 1. 

0007. A motion analysis apparatus according to this 
application example includes an action detection portion that 
detects a first action performed in correlation with a hit ball 
direction after a Subject hits a ball using measured data 
which is measured by a sensor unit attached to at least one 
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of an exercise appliance and the Subject operating the 
exercise appliance; a hit ball information generation portion 
that specifies a hit ball direction according to the first action 
and generates hit ball information including the hit ball 
direction; a motion analysis portion that analyzes motion in 
which the subject has hit the ball using the exercise appli 
ance, and generates motion analysis information; and a 
storage processing portion that stores the motion analysis 
information and the hit ball information in a storage section 
in correlation with each other. 

0008. The exercise appliance is an appliance used to hit 
a ball. Such as a golf club, a tennis racket, a baseball bat, and 
a hockey Stick. 
0009. The sensor unit may include some or all of an 
acceleration sensor, an angular velocity sensor, a geomag 
netic sensor, and a pressure sensor, and may be, for example, 
an inertial measurement unit (IMU) which can measure 
acceleration or angular velocity. The sensor unit may be 
attachable to and detachable from an exercise appliance or 
a subject, and may be fixed to an exercise appliance so as not 
to be detached therefrom, for example, as a result of being 
built into the exercise appliance. 
0010. According to the motion analysis apparatus of this 
application example, it is possible to detect the first action 
performed by the subject so as to specify a hit ball direction 
using measured data from the sensor unit, and thus to store 
a motion analysis result and the hit ball direction in asso 
ciation with each other. Therefore, the Subject can recognize 
a relationship between the motion analysis result and the hit 
ball direction without imposing an excessive burden 
thereon. 

APPLICATION EXAMPLE 2 

0011. The motion analysis apparatus according to the 
application example may further include a display process 
ing portion that displays the motion analysis information and 
the hit ball information on a display section in correlation 
with each other. 

0012. According to the motion analysis apparatus of this 
application example, the Subject views the information 
displayed on the display section and can thus visually 
recognize a relationship between the motion analysis result 
and the hit ball direction. 

APPLICATION EXAMPLE 3 

0013. In the motion analysis apparatus according to the 
application example, the first action may be an action of 
indicating a hit ball direction. 
0014. According to the motion analysis apparatus of this 
application example, the Subject may perform a simple 
action such as indicating a hit ball direction after hitting a 
ball in order to specify the hit ball direction. 

APPLICATION EXAMPLE 4 

0015. In the motion analysis apparatus according to the 
application example, the first action may be an action of 
twisting the exercise appliance or the arm of the Subject. 
0016. According to the motion analysis apparatus of this 
application example, the Subject may perform a simple 
action Such as twisting the exercise appliance or the arm 
after hitting a ball in order to specify the hit ball direction. 
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APPLICATION EXAMPLE 5 

0017. In the motion analysis apparatus according to the 
application example, the action detection portion may detect 
a second action performed after the subject hits the ball 
using the exercise appliance and before the Subject performs 
the first action, using the measured data, and, in a case where 
the second action is detected, the hit ball information gen 
eration portion may specify a hit ball direction according to 
the first action and generate hit ball information including 
the hit ball direction. 
0018. According to the motion analysis apparatus of this 
application example, it is possible to clearly differentiate a 
ball hitting action of the subject from the first action by 
detecting the second action performed after the subject hits 
the ball and before the subject performs the first action, and 
thus to reduce a probability of wrongly specifying a hit ball 
direction. 

APPLICATION EXAMPLE 6 

0019. In the motion analysis apparatus according to the 
application example, the second action may be an action of 
applying impact to the exercise appliance. 
0020. According to the motion analysis apparatus of this 
application example, the Subject may perform a simple 
action Such as applying impact to the exercise appliance in 
order to differentiate a ball hitting action from the first 
action. 

APPLICATION EXAMPLE 7 

0021. In the motion analysis apparatus according to the 
application example, the second action may be an action of 
stopping the exercise appliance. 
0022. According to the motion analysis apparatus of this 
application example, the Subject may perform a simple 
action Such as stopping the exercise appliance in order to 
differentiate a ball hitting action from the first action. 

APPLICATION EXAMPLE 8 

0023. In the motion analysis apparatus according to the 
application example, the action detection portion may detect 
a third action performed in correlation with the way of a hit 
ball curving after the subject hits the ball, using the mea 
Sured data, and the hit ball information generation portion 
may specify the way of the hit ball curving according to the 
third action, and generate the hit ball information including 
the hit ball direction and the way of the hit ball curving. 
0024. According to the motion analysis apparatus of this 
application example, it is possible to specify a hit ball 
direction and the way of the hit ball curving by detecting the 
third action performed by the Subject using measured data 
from the sensor unit, and thus to store a motion analysis 
result, and the hit ball direction and the way of the hit ball 
curving in association with each other. Therefore, the Subject 
can recognize a relationship between the motion analysis 
result and the hit ball direction and the way of the hit ball 
curving without imposing an excessive burden thereon. 

APPLICATION EXAMPLE 9 

0025. In the motion analysis apparatus according to the 
application example, the motion analysis portion may gen 
erate the motion analysis information using the measured 
data. 
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0026. According to the motion analysis apparatus of this 
application example, since motion of the Subject is analyzed 
using the measured data, for example, a large-size apparatus 
Such as a camera is not necessary, and it is possible to reduce 
a limitation on a measurement location. 

APPLICATION EXAMPLE 10 

0027. A motion analysis system according to this appli 
cation example includes any one of the motion analysis 
apparatuses described above; and the sensor unit. 
0028. Since the motion analysis system of the application 
example includes the motion analysis apparatus which can 
store a motion analysis result and a hit ball direction in 
association with each other, the Subject can recognize a 
relationship between the motion analysis result and the hit 
ball direction without imposing an excessive burden 
thereon. 

APPLICATION EXAMPLE 11 

0029. A motion analysis method according to this appli 
cation example includes detecting a first action performed in 
correlation with a hit ball direction after a subject hits a ball 
using measured data which is measured by a sensor unit 
attached to at least one of an exercise appliance and the 
Subject operating the exercise appliance; generating hit ball 
information including a hit ball direction by specifying the 
hit ball direction according to the first action; generating 
motion analysis information by analyzing motion in which 
the subject has hit the ball using the exercise appliance; and 
storing the motion analysis information and the hit ball 
information in a storage section in correlation with each 
other. 
0030. According to the motion analysis method of this 
application example, it is possible to detect the first action 
performed by the subject so as to specify a hit ball direction 
using measured data from the sensor unit, and thus to store 
a motion analysis result and the hit ball direction in asso 
ciation with each other. Therefore, the Subject can recognize 
a relationship between the motion analysis result and the hit 
ball direction without imposing an excessive burden 
thereon. 

APPLICATION EXAMPLE 12 

0031. The motion analysis method according to the appli 
cation example may further include calculating an attitude of 
the sensor unit using measured data which is measured by 
the sensor unit, and, in the generating of the hit ball 
information, the hit ball direction may be specified on the 
basis of an attitude of the sensor unit when the subject 
performs the first action. 

APPLICATION EXAMPLE 13 

0032. The motion analysis method according to the appli 
cation example may further include detecting a timing at 
which the subject has hit the ball using data measured by the 
sensor unit after the Subject starts motion; detecting a second 
action performed before the subject performs the first action, 
using data measured by the sensor unit after the timing; and 
generating hit ball information including a hit ball direction 
by specifying the hit ball direction according to the first 
action after detecting the second action. 
0033 According to the motion analysis method of these 
application examples, it is possible to clearly differentiate a 
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ball hitting action of the subject from the first action by 
detecting the second action performed after the subject hits 
the ball and before the subject performs the first action, and 
thus to reduce a probability of wrongly specifying a hit ball 
direction. 

APPLICATION EXAMPLE 1.4 

0034. A display method of motion analysis information 
according to this application example includes detecting a 
first action performed in correlation with a hit ball direction 
after a Subject hits a ball using measured data which is 
measured by a sensor unit attached to at least one of an 
exercise appliance and the Subject operating the exercise 
appliance; generating hit ball information including a hit ball 
direction by specifying the hit ball direction according to the 
first action; generating motion analysis information by ana 
lyzing motion in which the Subject has hit the ball using the 
exercise appliance; and displaying the motion analysis infor 
mation and the hit ball information on a display section in 
correlation with each other. 

0035. According to the display method of motion analy 
sis information of this application example, it is possible to 
detect the first action performed by the subject so as to 
specify a hit ball direction using measured data from the 
sensor unit, and thus to display a motion analysis result and 
the hit ball direction in association with each other. There 
fore, the Subject can visually recognize a relationship 
between the motion analysis result and the hit ball direction 
without imposing an excessive burden thereon. 

APPLICATION EXAMPLE 1.5 

0.036 A program according to this application example 
causes a computer to execute detecting a first action per 
formed in correlation with a hit ball direction after a subject 
hits a ball using measured data which is measured by a 
sensor unit attached to at least one of an exercise appliance 
and the Subject operating the exercise appliance; generating 
hit ball information including a hit ball direction by speci 
fying the hit ball direction according to the first action; 
generating motion analysis information by analyzing motion 
in which the subject has hit the ball using the exercise 
appliance; and displaying the motion analysis information 
and the hit ball information on a display section in correla 
tion with each other. 

0037 According to the program of this application 
example, it is possible to detect the first action performed by 
the Subject so as to specify a hit ball direction using 
measured data from the sensor unit, and thus to store a 
motion analysis result and the hit ball direction in associa 
tion with each other. Therefore, the Subject can recognize a 
relationship between the motion analysis result and the hit 
ball direction without imposing an excessive burden 
thereon. 

BRIEF DESCRIPTION OF DRAWINGS 

0038 FIG. 1 is a diagram illustrating a motion analysis 
system according to the present embodiment. 
0039 FIG. 2(A) to 2(C) are diagrams illustrating 
examples of a position where a sensor unit is attached. 
0040 FIG. 3 is a diagram illustrating procedures of 
actions performed by a Subject in a first embodiment. 
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0041 FIGS. 4(A) and 4(B) are diagrams for explaining 
examples of actions performed by the Subject in correlation 
with a hit ball direction. 
0042 FIG. 5 is a diagram illustrating a configuration 
example of a motion analysis system according to the 
present embodiment. 
0043 FIG. 6 is a diagram for explaining a hit ball 
direction. 
0044 FIG. 7 is a flowchart illustrating examples of 
procedures of a motion analysis process in the first embodi 
ment. 

0045 FIG. 8 is a flowchart illustrating examples of 
procedures of a process of detecting a timing at which the 
subject has hit a ball. 
0046 FIG. 9 is a diagram illustrating an example of a 
position at which and a direction in which the sensor unit is 
attached. 
0047 FIG. 10(A) is a diagram in which three-axis angu 
lar Velocities during Swing are displayed in a graph, FIG. 
10(B) is a diagram in which a calculated value of a norm of 
the three-axis angular velocities is displayed in a graph, and 
FIG. 10(C) is a diagram in which a calculated value of a 
derivative of the norm of the three-axis angular velocities is 
displayed in a graph. 
0048 FIG. 11 is a flowchart illustrating examples of 
procedures of a process of calculating an attitude of the 
sensor unit. 
0049 FIG. 12 is a diagram for explaining an incidence 
angle and a face angle during hitting of a ball. 
0050 FIG. 13 is a diagram illustrating an example of a 
display Screen in which motion analysis information and hit 
ball information are correlated with each other. 
0051 FIG. 14 is a diagram illustrating another example 
of a display Screen in which motion analysis information and 
hit ball information are correlated with each other. 
0.052 FIG. 15 is a diagram illustrating procedures of 
actions performed by a Subject in a second embodiment. 
0053 FIG. 16 is a diagram for explaining an example of 
an action performed by the subject in correlation between a 
hit ball direction and the way of the hit ball curving. 
0054 FIG. 17 is a flowchart illustrating examples of 
procedures of a motion analysis process in the second 
embodiment. 

DESCRIPTION OF EMBODIMENTS 

0055. Hereinafter, preferred embodiments of the inven 
tion will be described with reference to the drawings. The 
embodiments described below are not intended to improp 
erly limit the content of the invention disclosed in the 
claims. In addition, all constituent elements described below 
are not essential constituent elements of the invention. 
0056. Hereinafter, a motion analysis system (motion 
analysis apparatus) analyzing a golf Swing will be described 
as an example. 

1. MOTION ANALYSIS SYSTEM 

1-1. First Embodiment 

Outline of Motion Analysis System 
0057 FIG. 1 is a diagram for explaining an outline of a 
motion analysis system according to the present embodi 
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ment. A motion analysis system 1 of the present embodiment 
is configured to include a sensor unit 10 and a motion 
analysis apparatus 20. 
0058. The sensor unit 10 can measure acceleration gen 
erated in each axial direction of three axes and angular 
Velocity generated around each of the three axes, and is 
attached to at least one of a golf club 3 (an example of an 
exercise appliance) and a subject 2. For example, as illus 
trated in FIG. 2(A), the sensor unit 10 may be attached to a 
part of a shaft of the golf club 3, for example, at a position 
close to a grip portion. The shaft is a shaft portion other than 
the head of the golf club 3 and also includes the grip portion. 
The sensor unit 10 may be attached to the hand or a glove 
of the subject as illustrated in FIG. 2(B). The sensor unit 10 
may be attached to an accessory Such as a wrist watch as 
illustrated in FIG. 2(C). 
0059. The subject 2 performs a Swing action for hitting a 
golf ball 4 according to predefined procedures. FIG. 3 is a 
diagram illustrating procedures of actions performed by the 
subject 2. As illustrated in FIG. 3, first, the subject 2 holds 
the golf club 3, and stops for a predetermined time period or 
more (for example, for one second or more) (step S1). Next, 
the Subject 2 performs a Swing action so as to hit the golfball 
(step S2). Next, the subject 2 performs a predetermined 
action (an example of a second action) indicating comple 
tion of the swing (step S3). This predetermined action may 
be, for example, an action of applying a large impact to the 
golf club 3 by tapping the ground with the golf club 3, and 
may be a stoppage action for a predetermined time period or 
more (for example, for one second or more). Finally, the 
subject 2 checks a hit ball direction, and performs a prede 
termined action (an example of a first action) in correlation 
with the hit ball direction (step S4). 
0060 FIGS. 4(A) and 4(B) are diagrams for explaining 
an example of the action performed by the subject 2 in 
correlation with the hit ball direction in step S4 in FIG. 3. 
For example, as illustrated in FIG. 4(A), the subject 2 
performs an action of indicating a hit ball direction with the 
golf club 3 (directing the head of the golf club 3 in the hit 
ball direction). For example, as illustrated in FIG. 4(B), the 
Subject 2 may perform an action of twisting the golf club 3 
or the arm in correlation with the hit ball direction. For 
example, if the hit ball direction is the right direction, the 
Subject 2 performs an action of twisting the arm holding the 
golf club 3 to the right, and if the hit ball direction is the left 
direction, the Subject performs an action of twisting the arm 
to the left. Therefore, the sensor unit 10 is rotated to the right 
(R) (rotated clockwise) or to the left (L) (rotated counter 
clockwise) around a long axis (shaft axis) of the golf club 3. 
In a case where the action illustrated in FIG. 4(B) is 
performed, the Subject 2 may set a right front direction 
(target direction) in advance, may not perform an action of 
twisting the arm in a case where a hit ball direction nearly 
matches the target direction, and may perform an action of 
twisting the golf club 3 or the arm so that a rotation amount 
or a rotation speed of the sensor unit 10 is increased as 
deviation becomes larger in a case where a hit ball direction 
is deviated to the right direction or the left direction relative 
to the target direction. 
0061 While the subject 2 performs the action of hitting 
the golf ball 4 according to the procedures illustrated in FIG. 
3, the sensor unit 10 measures three-axis acceleration and 
three-axis angular velocity at a predetermined cycle (for 
example, 1 ms), and sequentially transmits measured data to 
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the motion analysis apparatus 20. The sensor unit 10 may 
instantly transmit the measured data, and may store the 
measured data in an internal memory and transmit the 
measured data at a desired timing Such as completion of a 
Swing action of the Subject 2. Alternatively, the sensor unit 
10 may store the measured data in an attachable/detachable 
recording medium Such as a memory card, and the motion 
analysis apparatus 20 may read the measured data from the 
recording medium. 
0062. The motion analysis apparatus 20 analyzes the 
motion performed by the Subject 2 using the data measured 
by the sensor unit 10 So as to generate motion analysis 
information (Swing information) and hit ball information 
(including the hit ball direction), and stores the information 
in a storage section in correlation with each other. The 
motion analysis apparatus 20 displays the motion analysis 
information and the hit ball information on a display section 
in correlation with each other through a predetermined input 
operation or automatically. 
0063 Communication between the sensor unit 10 and the 
motion analysis apparatus 20 may be wireless communica 
tion, and may be wired communication. 

Configuration of Motion Analysis System 

0064 FIG. 5 is a diagram illustrating configuration 
examples of the sensor unit 10 and the motion analysis 
apparatus 20. As illustrated in FIG. 5, in the present embodi 
ment, the sensor unit 10 is configured to include an accel 
eration sensor 100, an angular velocity sensor 110, a signal 
processing section 120, and a communication section 130. 
0065. The acceleration sensor 100 measures respective 
accelerations in three axial directions which intersect (ide 
ally, orthogonal to) each other, and outputs digital signals 
(acceleration data) corresponding to magnitudes and direc 
tions of the measured three-axis accelerations. 
0066. The angular velocity sensor 110 measures respec 
tive angular velocities in three axial directions which inter 
sect (ideally, orthogonal to) each other, and outputs digital 
signals (angular velocity data) corresponding to magnitudes 
and directions of the measured three-axis angular velocities. 
0067. The signal processing section 120 receives the 
acceleration data and the angular Velocity data from the 
acceleration sensor 100 and the angular velocity sensor 110. 
respectively, adds time information thereto, stores the data in 
a storage portion (not illustrated), adds time information to 
the stored measured data (the acceleration data and the 
angular velocity data) So as to generate packet data con 
forming to a communication format, and outputs the packet 
data to the communication section 130. 

0068. Ideally, the acceleration sensor 100 and the angular 
velocity sensor 110 are provided in the sensor unit 10 so that 
the three axes thereof match three axes (an X axis, a y axis, 
and a Z axis) of an orthogonal coordinate system (sensor 
coordinate system) defined for the sensor unit 10, but, 
actually, errors occur in installation angles. Therefore, the 
signal processing section 120 performs a process of con 
verting the acceleration data and the angular Velocity data 
into data in the XyZ coordinate system (sensor coordinate 
system) using a correction parameter which is calculated in 
advance according to the installation angle errors. 
0069. The signal processing section 120 performs a pro 
cess of correcting the temperatures of the acceleration sensor 
100 and the angular velocity sensor 110. The acceleration 
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sensor 100 and the angular velocity sensor 110 may have a 
temperature correction function. 
0070 The acceleration sensor 100 and the angular veloc 

ity sensor 110 may output analog signals, and, in this case, 
the signal processing section 120 may A/C-convert an output 
signal from the acceleration sensor 100 and an output signal 
from the angular Velocity sensor 110 So as to generate 
measured data (acceleration data and angular velocity data), 
and may generate communication packet data using the data. 
0071. The communication section 130 performs a pro 
cess of transmitting packet data received from the signal 
processing section 120 to the motion analysis apparatus 20, 
or a process of receiving a control command from the 
motion analysis apparatus 20 and sending the control com 
mand to the signal processing section 120. The signal 
processing section 120 performs various processes corre 
sponding to control commands. 
0072 The motion analysis apparatus 20 is configured to 
include a processing section 200, a communication section 
210, an operation section 220, a ROM 230, a RAM 240, a 
recording medium 250, and a display section 260, and may 
be, for example, a personal computer (PC) or a portable 
apparatus Such as a Smart phone. 
0073. The communication section 210 performs a pro 
cess of receiving packet data transmitted from the sensor 
unit 10 and sending the packet data to the processing section 
200, or a process of transmitting a control command from 
the processing section 200 to the sensor unit 10. 
0074 The operation section 220 performs a process of 
acquiring operation data from a user and sending the opera 
tion data to the processing section 200. The operation 
section 220 may be, for example, a touch panel type display, 
a button, a key, or a microphone. 
0075. The ROM 230 stores a program for the processing 
section 200 performing various calculation processes or a 
control process, or various programs or data for realizing 
application functions. 
0076. The RAM 240 is used as a work area of the 
processing section 200, and is a storage section which 
temporarily stores a program or data read from the ROM 
230, data which is input from the operation section 220, 
results of calculation executed by the processing section 200 
according to various programs, and the like. 
0077. The recording medium 250 is a nonvolatile storage 
section storing data which is required to be preserved for a 
long period of time among data items generated through 
processing of the processing section 200. The recording 
medium 250 may store a program for the processing section 
200 performing various calculation processes and a control 
process, or various programs or data for realizing application 
functions. 
0078. The display section 260 displays a processing 
result in the processing section 200 as text, a graph, a table, 
animation, and other images. The display section 260 may 
be, for example, a CRT, an LCD, a touch panel type display, 
and a head mounted display (HMD). A single touch panel 
type display may realize functions of the operation section 
220 and the display section 260. 
007.9 The processing section 200 performs a process of 
transmitting a control command to the sensor unit 10 accord 
ing to a program stored in the ROM 230 or the recording 
medium 250, or a program which is received from a server 
via a network and is stored in the RAM 240 or the recording 
medium 250, various calculation processes on data which is 

Jan. 26, 2017 

received from the sensor unit 10 via the communication 
section 210, and various control processes. Particularly, in 
the present embodiment, by executing the program, the 
processing section 200 functions as a data acquisition por 
tion 201, an action detection portion 202, a motion analysis 
portion 203, a hit ball information generation portion 204, a 
storage processing portion 205, and a display processing 
portion 206. 
0080. The data acquisition portion 201 performs a pro 
cess of receiving packet data which is received from the 
sensor unit 10 by the communication section 210, acquiring 
time information and measured data (acceleration data and 
angular velocity data) in the sensor unit 10 from the received 
packet data, and sending the time information and the 
measured data to the storage processing portion 205. 
I0081. The storage processing portion 205 performs a 
process of receiving the time information and the measured 
data from the data acquisition portion 201 and storing the 
time information and the measured data in the RAM 240 in 
correlation with each other. 
I0082. The action detection portion 202 performs a pro 
cess of detecting an action in motion in which the Subject 2 
has hit a ball using the golf club 3 on the basis of the time 
information and the measured data stored in the RAM 240. 
Specifically, the action detection portion 202 detects the 
stoppage action (the action in step S1 in FIG. 3) performed 
by the Subject 2 before starting a Swing action, the prede 
termined action (the action in step S3 in FIG. 3) indicating 
completion of the Swing, and the predetermined action (the 
action in step S4 in FIG. 3) performed in correlation with the 
hit ball direction, in correlation with the time. The action 
detection portion 202 detects a timing (time point) at which 
the subject 2 has hit the ball in the period of the swing action 
(the action in step S2 in FIG. 3). 
I0083. The motion analysis portion 203 performs a pro 
cess of calculating an offset amount using the measured data 
during stoppage, detected by the action detection portion 
202, subtracting the offset amount from the measured data so 
as to perform bias correction, and calculating a position and 
an attitude of the sensor unit 10 using the bias-corrected 
measured data. For example, the motion analysis portion 
203 defines an XYZ coordinate system (world coordinate 
system) which has a target line indicating a hit ball direction 
as an X axis, an axis on a horizontal plane which is 
perpendicular to the X axis as Y axis, and a vertically 
upward direction (a direction opposite to the gravitational 
direction) as a Z axis, and calculates a position and an 
attitude of the sensor unit 10 in the XYZ coordinate system 
(world coordinate system). The target line indicates, for 
example, a direction in which a ball flies Straight. A position 
and an attitude of the sensor unit 10 during address (during 
stoppage action) of the Subject 2 may be respectively set as 
an initial position and an initial attitude. The motion analysis 
portion 203 may set an initial position of the sensor unit 10 
to the origin (0,0,0) of the XYZ coordinate system, and may 
calculate an initial attitude of the sensor unit 10 on the basis 
of acceleration data and a direction of the gravitational 
acceleration during address (during stoppage action) of the 
subject 2. An attitude of the sensor unit 10 maybe expressed 
by, for example, rotation angles (a roll angle, a pitch angle, 
and a yaw angle) around the X axis, the Y axis, and the Z 
axis, Euler angles, or a quaternion. 
I0084. The motion analysis portion 203 defines a motion 
analysis model (double pendulum model) in which features 
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(a shaft length, a position of the centroid, and the like) of the 
golf club 3 or human features (an arm length, a position of 
the centroid, a joint bending direction, and the like) are taken 
into consideration, and calculates a trajectory of the motion 
analysis model using information regarding the position and 
the attitude of the sensor unit 10. The motion analysis 
portion 203 analyzes motion in which the subject 2 has hit 
a ball using the golf club 3 on the basis of the trajectory 
information of the motion analysis model and the detection 
information from the action detection portion 202, so as to 
generate motion analysis information (Swing information). 
The motion analysis information is, for example, informa 
tion regarding a trajectory of the Swing (a trajectory of the 
head of the golf club 3), rhythm of the swing from a 
backSwing to follow-through, a head speed, an incidence 
angle (club path) or a face angle during hitting of a ball, shaft 
rotation (a change amount of a face angle during Swing), a 
V Zone, and a deceleration rate of the golf club 3, or 
information regarding a variation in these information pieces 
in a case where the Subject 2 performs a plurality of Swings. 
0085. The hit ball information generation portion 204 
specifies a hit ball direction according to the predetermined 
action (the action in step S4 in FIG. 3) performed by the 
subject 2 in correlation with the hit ball direction, detected 
by the action detection portion 202, and generates hit ball 
information including the hit ball direction. For example, as 
illustrated in FIG. 6, the hit ball information generation 
portion 204 may specify a hit ball direction so that the hit 
ball direction is “center if an angle (an angle projected onto 
a horizontal plane) of the hit ball calculated on the basis of 
the action of the subject 2 (the action in step S4 in FIG. 3) 
is within +30°, the hit ball direction is “right' if the angle is 
larger than +30° and equal to or smaller than +60°, and the 
hit ball direction is “left” if the angle is smaller than -30° 
and equal to or larger than -60, with respect to an axis Pin 
which an axis orthogonal to a face Surface of the golf club 
3 during stoppage of the Subject 2 (during the action in step 
S1 in FIG. 3) is projected onto the horizontal plane. In a case 
where the subject 2 does not want to store information 
regarding a hit ball direction Such as a case where the Subject 
has missed a ball, or causes the ball not to fly almost straight, 
the Subject may not perform the predetermined action cor 
related with a hit ball direction. 

I0086. The signal processing section 120 of the sensor unit 
10 may calculate an offset amount of measured data so as to 
perform bias correction on the measured data, and the 
acceleration sensor 100 and the angular velocity sensor 110 
may have a bias correction function. In this case, it is not 
necessary for the motion analysis portion 203 to perform 
bias correction on the measured data. 

0087. The storage processing portion 205 stores the 
motion analysis information generated by the motion analy 
sis portion 203 and the hit ball information generated by the 
hit ball information generation portion 204 in the RAM 240 
in correlation with each other, and also performs a process 
of storing the information in the recording medium 250 in a 
case where the information is desired to be kept as a record. 
0088. The display processing portion 206 performs a 
process of reading the motion analysis information and the 
hit ball information stored in the RAM 240 or the recording 
medium 250 automatically or when a predetermined input 
operation is performed after the Swing action of the Subject 
2 is completed, and displaying the read motion analysis 
information and hit ball information on the display section 
260 in correlation with each other. 
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Motion Analysis Process 
I0089 FIG. 7 is a flowchart illustrating examples of 
procedures of a motion analysis process performed by the 
processing section 200 in the first embodiment. 
0090. As illustrated in FIG. 7, first, the processing section 
200 acquires measured data from the sensor unit 10 (step 
S10). If initial measured data in a Swing action (also 
including a stoppage action) of the Subject 2 is acquired in 
step S10, the processing section 200 may perform processes 
in step S20 and the Subsequent steps in real time, and may 
perform the processes in step S20 and the Subsequent steps 
after acquiring some or all of a series of measured data in the 
swing action of the subject 2 from the sensor unit 10. 
0091 Next, the processing section 200 detects a stoppage 
action of the subject 2 (the action in step S1 in FIG. 3) using 
the acquired measured data (step S20). In a case where the 
process is performed in real time, when the stoppage action 
is detected, the processing section 200 may output, for 
example, a predetermined image or sound, or may turn on an 
LED provided in the sensor unit 10, so as to notify the 
Subject 2 of detection of the stoppage state, and the Subject 
2 may start a Swing after checking the notification. 
0092 Next, the processing section 200 sequentially per 
forms a process (step S30) of detecting a timing at which the 
subject 2 has hit a ball, a process (step S40) of detecting an 
action (the action in step S3 in FIG. 3) indicating completion 
of the Swing, performed by the Subject 2, and a process (step 
S50) of detecting an action (the action in step S4 in FIG. 3) 
correlated with a hit ball direction, performed by the subject 
2 
0093. The processing section 200 performs a process 
(step S60) of calculating a position and an attitude of the 
sensor unit 10, and a process (step S70) of calculating a 
trajectory of a motion analysis model on the basis of changes 
in the position and the attitude of the sensor unit 10, in 
parallel to the processes in steps S30 to S50. In step S60, the 
processing section 200 sets an initial position of the sensor 
unit 10 to the origin of the XYZ coordinate system, calcu 
lates an initial attitude in the XYZ coordinate system of the 
sensor unit 10 using the measured data during the stoppage 
action, detected in step S20, and then calculates the position 
and the attitude of the sensor unit 10 in correlation with the 
time using Subsequent measured data. 
0094. Next, the processing section 200 generates motion 
analysis information regarding the Swing action performed 
by the subject 2 on the basis of the trajectory of the motion 
analysis model calculated in step S70 and the actions or the 
timing detected in steps S20 to S50 (step S80). 
0.095 Next, the processing section 200 specifies a hit ball 
direction on the basis of changes in the position and the 
attitude of the sensor unit 10 calculated in step S60, corre 
sponding to the action detected in step S50, and thus 
generates hit ball information (step S90). 
0096. Next, the processing section 200 stores the motion 
analysis information and the hit ball information generated 
in step S80 in correlation with each other (step S100). 
0097 Finally, the processing section 200 displays the 
motion analysis information and the hit ball information 
stored in step S100, in correlation with each other, in a case 
where there is a predetermined input operation (Y in step 
S110) (step S120). 
(0098. In the flowchart of FIG. 7, order of the respective 
steps may be changed as appropriate within an allowable 
range. 
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Impact Detection Process 
0099 FIG. 8 is a flowchart illustrating examples of 
procedures of a process (the process in step S30 in FIG. 7) 
of detecting a timing at which the subject 2 has hit the ball. 
0100. As illustrated in FIG. 8, first, the processing section 
200 calculates a value of the norm n(t) of angular velocity 
at each time point t using the acquired angular Velocity data 
(angular velocity data for each time point t) (step S200). For 
example, if the angular velocity data items at the time point 
t are respectively indicated by X(t), y(t), and Z(t), the norm 
no(t) of the angular velocity is calculated according to the 
following Equation (1). 

Equation 1 

0101. As illustrated in FIG. 9, the sensor unit 10 is 
attached to the vicinity of the grip of the shaft of the golf 
club 3 so that the x axis is directed in a direction parallel to 
the long axis of the shaft, the y axis is directed in a Swing 
direction, and the Z axis is directed in a direction which is 
perpendicular to the Swing plane. FIG. 10(A) illustrates 
examples of three-axis angular velocity data items X(t), y(t) 
and Z(t) obtained when the subject 2 hits the golf ball 4 by 
performing a Swing. In FIG. 10(A), a transverse axis 
expresses time (msec), and a longitudinal axis expresses 
angular Velocity (dps). 
0102 Next, the processing section 200 converts the norm 
no(t) of the angular Velocity at each time point t into a norm 
n(t) which is normalized (scale-conversion) within a prede 
termined range (step S210). For example, if the maximum 
value of the norm of the angular velocity in an acquisition 
period of measured data is max (no), the norm no(t) of the 
angular velocity is converted into the norm n(t) which is 
normalized within a range of 0 to 100 according to the 
following Equation (2). 

Equation 2 

100X no (t) (2) 
n(t) = max(no) 

(0103 FIG. 10(B) is a diagram in which the norm n(t) of 
the three-axis angular Velocities is calculated according to 
Equation (1) using the three-axis angular velocity data items 
x(t), y(t) and Z(t) in FIG. 10(A), and then the norm n(t) 
normalized to 0 to 100 according to Equation (2) is dis 
played in a graph. In FIG. 10(B), a transverse axis expresses 
time (msec), and a longitudinal axis expresses a norm of the 
angular Velocity. 
0104. Next, the processing section 200 calculates a 
derivative dn(t) of the normalized norm n(t) at each time 
point t (step S220). For example, if a cycle for measuring 
three-axis angular velocity data items is indicated by At, the 
derivative (difference) dn(t) of the norm of the angular 
Velocity at the time point t is calculated using the following 
Equation (3). 

Equation 3 

0105 FIG. 10(C) is a diagram in which the derivative 
dn(t) is calculated according to Equation (3) on the basis of 
the norm n(t) of the three-axis angular velocities, and is 
displayed in a graph. In FIG. 10(C), a transverse axis 
expresses time (msec), and a longitudinal axis expresses a 
derivative value of the norm of the three-axis angular 
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velocities. In FIGS. 10(A) and 10(B), the transverse axis is 
displayed at 0 seconds to 5 seconds, but, in FIG. 10(C), the 
transverse axis is displayed at 2 seconds to 2.8 seconds so 
that changes in the derivative value before and after ball 
hitting can be understood. 
0106 Finally, of time points at which a value of the 
derivative dn(t) of the norm becomes the maximum and the 
minimum, the processing section 200 detects the earlier time 
point as a ball hitting timing (step S230). It is considered that 
a Swing speed is the maximum at the moment of hitting a 
ball in a typical golf Swing. In addition, since it is considered 
that a value of the norm of the angular velocity also changes 
according to a Swing speed, a timing at which a derivative 
value of the norm of the angular velocity is the maximum or 
the minimum (that is, a timing at which the derivative value 
of the norm of the angular velocity is a positive maximum 
value or a negative minimum value) in a series of Swing 
actions can be captured as a timing of ball hitting (impact). 
Since the golf club 3 vibrates due to ball hitting, a timing at 
which a derivative value of the norm of the angular velocity 
is the maximum and a timing at which a derivative value of 
the norm of the angular Velocity is the minimum may occur 
in pairs, and, of the two timings, the earlier timing may be 
the moment of ball hitting. Therefore, for example, in the 
graph of FIG. 10(C), of T1 and T2. T1 is detected as a timing 
of ball hitting. 
0107. In a case where the subject 2 performs a swing 
action, a series of motions is expected in which the Subject 
stops the golf club at the top position, performs a down 
swing, hits the ball, and performs follow-through. Therefore, 
according to the flowchart of FIG. 8, the processing section 
200 may detect candidates of timings at which the subject 2 
has hit the ball, determine whether or not measured data 
before and after the detected timing matches the rhythms, fix 
the detected timing as a timing at which the Subject 2 has hit 
the ball if the data matches the rhythms, and detect the next 
candidate if the data does not match the rhythms. 
0108. In the flowchart of FIG. 8, the processing section 
200 detects a timing of ball hitting using the three-axis 
angular velocity data, but can also detect a timing of ball 
hitting in the same manner using three-axis acceleration 
data. 

Attitude Calculation Process of Sensor Unit 
0109 FIG. 11 is a flowchart illustrating examples of 
procedures of a process (a partial process in step S60 in FIG. 
7) of calculating an attitude (an attitude at a time pointN) of 
the sensor unit 10. 
0110. As illustrated in FIG. 11, first, at a time point t=0 
(step S300), the processing section 200 specifies a direction 
of the gravitational acceleration on the basis of three-axis 
acceleration data during stoppage, and calculates a quater 
nion p(0)indicating an initial attitude (an attitude at the time 
point t=0) of the sensor unit 10 (step S310). 
0111 For example, the quaternion p(0) for the initial 
attitude is expressed by the following Equation (4). 

Equation 4 

p(0)=(0, Xo, Yo Zo) (4) 

0112 Aquaternion q indicating rotation is expressed by 
the following Equation (5). 

Equation 5 

q=(w, x, y, z) (5) 

0113. In Equation (5), if a rotation angle of target rotation 
is indicated by 0, and a unit vector of a rotation axis is 
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indicated by (r, r, r ), w, x, y, and Z are expressed as in 
Equation (6). 

Equation 6 

- a." -- i." -- i." --- i." (6) 
* cos 5, X r, sins, y = ry. Sins, 3. r. Sins 

0114. Since the sensor unit 10 is stopped at the time point 
t=0 with 0–0, a quaternion q(O) indicating rotation at the 
time point t=0 is expressed as in the following Equation (7) 
on the basis of Equation (5) obtained by assigning 0–0 to 
Equation (6). 

Equation 7 

q(0)=(1,0,0,0). (7) 

0115) Next, the processing section 200 updates the time 
point t to t+1 (Step S320), and calculates a quaternion Aq(t) 
indicating rotation per unit time at the time point t on the 
basis of three-axis angular velocity data at the time point t 
(step S320). 
0116 For example, if the three-axis angular velocity data 
at the time point t is indicated by (t)=(c),(t), (), (t), ()(t)), the 
magnitude (D(t) of the angular velocity per sample mea 
Sured at the time point t is calculated using the following 
Equation (8). 

Equation 8 

o(t) |-Voltrotto (or (8) 
0117 The magnitude (D(t) of the angular velocity indi 
cates a rotation angle per unit time, and thus a quaternion 
Aq(t+1) indicating rotation per unit time at the time point t 
is calculated using the following Equation (9). 

Equation 9 

co(t) co(t) co(t) (9) 
2 : sin- 2 - 

y(0.9) co(t) co(t) 
co(t) 2 co(t) 2 

COS 

0118. Here, since t-1, the processing section 200 calcu 
lates Aq.(1) according to Equation (9) using three-axis angu 
lar velocity data ()(1)(c),(1), (), (1), co- (1)) at the time point 
t=1. 
0119) Next, the processing section 200 calculates a 
quaternion q(t) indicating rotation at time points 0 to t (step 
S340). The quaternion q(t) is calculated according to the 
following Equation (10). 

Equation 10 

0120 Here, since t-1, the processing section 200 calcu 
lates q(1) according to Equation (10) on the basis of q(0) in 
Equation (7) and Aq.(1) calculated in step S330. 
0121 Next, the processing section 200 repeatedly per 
forms the processes in steps S320 to S340 until t becomes N. 
and, at the time point t=N (Y in step S350), calculates a 
quaternion p(N) indicating an attitude at the time point N 
according to the following Equation (11) on the basis of the 
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quaternion p(0) indicating the initial attitude calculated in 
step S310 and the quaternion q(N) indicating the rotation at 
the time points t-0 to N in the previous step S340 (step 
S360), and then finishes the process. 

Equation 11 

p(N)=q(N)p(0)'q*(N) (11) 

0122. In Equation (11), q (N) is a conjugate quaternion 
of q(N). p(N) is expressed as in the following Equation (12), 
and an attitude of the sensor unit 10 at the time point N is 
(X, Y, Z) when expressed using vectors in the XYZ 
coordinate system. 

Equation 12 

p(N)=(0, X, Y, Z) (12) 

I0123 Display in Which Motion Analysis Information is 
Correlated with Hit Ball Information 
0.124. A direction of a hit ball can be predicted on the 
basis of an incidence angle and a face angle during ball 
hitting. FIG. 12 is a diagram for explaining an incidence 
angle and a face angle during ball hitting, and illustrates the 
golf club 3 (only the head is illustrated) on an XY plane 
viewed from the positive side of the Z axis in the XYZ 
coordinate system. In FIG. 12, S indicates a face surface of 
the golf club 3, and R indicates a ball hitting point. A dotted 
arrow L0 indicates a target line, a dashed line L1 indicates 
a virtual plane orthogonal to the target line L0. A solid line 
Q is a curve indicating a trajectory of the head of the golf 
club 3, and a dot chain line L2 indicates a tangential line of 
the curve Q at the ball hitting point R. In this case, an 
incidence angle 0 is an angle formed between the target line 
L0 and the tangential line L2, and a face angle p is an angle 
formed between the virtual plane L1 and the face surface S. 
0.125. As described above, the processing section 200 
generates motion analysis information using a trajectory of 
the motion analysis model, but, since there is an error 
between the trajectory of the motion analysis model and an 
actual trajectory of a Swing performed by the Subject 2, it is 
difficult to calculate an accurate incidence angle and face 
angle or to accurately calculate where the face Surface comes 
into contact with a ball during ball hitting. Therefore, it 
cannot be said that a prediction result of a hit ball direction 
matches an actual hit ball direction. Thus, in the present 
embodiment, the subject 2 is made to perform a predeter 
mined action (the action in step S4 in FIG. 1) correlated with 
a hit ball direction, and the processing section 200 specifies 
an actual hit ball direction by detecting the action, and 
displays motion analysis information and hit ball informa 
tion including the hit ball direction on the display section 
260 in correlation with each other. 
0.126 FIG. 13 is a diagram illustrating an example of a 
display Screen in which the motion analysis information and 
the hit ball information are correlated with each other. In the 
example illustrated in FIG. 13, a face angle (p during ball 
hitting is allocated to a transverse axis, an incidence angle 0 
during ball hitting is allocated to a longitudinal axis, and 
nine separate regions A1 to A9 of three rows and three 
columns are displayed. Characters “Straight” are displayed 
for trajectory prediction in the central region A5 among the 
nine regions A1 to A9. In addition, for a right-handed golfer, 
characters “Push’ are displayed for trajectory prediction in 
the region A4 which is moved in a positive direction of the 
incidence angle 0 from the central region A5, and, similarly, 
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characters “Pull” are displayed for trajectory prediction in 
the region A6 which is moved in a negative direction of the 
incidence angle 0 from the central region A5. Characters 
“Push Slice”, “Slice', and “Fade' are respectively displayed 
for trajectory prediction in the regions A1, A2, and A3 which 
are moved in a positive direction of the face angle (p from the 
regions A4, A5, and A6. In addition, characters “Draw'. 
“Hook', and “Pull Hook” are respectively displayed for 
trajectory prediction in the regions A7, A8, and A9 which are 
moved in a negative direction of the face angle (p from the 
regions A4, A5, and A6. 
0127. In the example illustrated in FIG. 13, the subject 2 
hits the ball six times, and marks M1 to M6 indicating hit 
ball directions are displayed at coordinate positions corre 
sponding to measured face angles (p and incidence angles 0. 
The marks M1 to M6 respectively correspond to first ball 
hitting to sixth ball hitting. The mark is displayed in a 
“circular shape' if a hit ball direction is the central direction, 
in a “triangular shape' if a hit ball direction is the right 
direction, and in a “square shape' if a hit ball direction is the 
left direction. The mark M6 indicating a hit ball direction in 
the latest ball hitting is displayed white. The subject 2 views 
the display image as illustrated in FIG. 13 and can thus 
recognize a trend of a relationship between the face angle (p 
and the incidence angle 0, and a hit ball direction, or a 
relationship between a predicted hit ball direction and an 
actual hit ball direction. 
0128 FIG. 14 is a diagram illustrating another example 
of a display screen in which motion analysis information and 
hit ball information are correlated with each other. In the 
example illustrated in FIG. 14, a three-dimensional anima 
tion image is displayed which is disposed in a virtual 
three-dimensional space and in which objects O2, O3 and 
O4 respectively modeling the subject 2, the golf club 3, and 
the golfball 4 are moved (positions or attitudes are changed) 
over time. Motion of the object O2 or O3 is calculated on the 
basis of trajectory information of a motion analysis model. 
In addition, motion of the object O4 is calculated on the 
basis of a hit ball direction which is specified on the basis of 
a predetermined action (the action in step S4 in FIG. 3) 
performed by the subject 2. The subject 2 views the anima 
tion image as illustrated in FIG. 14 and can thus recognize 
a Swing form, and a relationship between a trajectory of the 
golf club and a hit ball direction. 
0129. As described above, according to the motion analy 
sis system 1 or the motion analysis apparatus 20 of the first 
embodiment, it is possible to analyze a Swing action of the 
Subject 2 using measured data from the sensor unit 10, and 
to store and display a Swing analysis result and a hit ball 
direction in association with each other by detecting a 
simple action performed after the subject 2 hits a ball, such 
as indicating the hit ball direction or twisting the golf club 
3 or the arm so as to specify the hit ball direction. Therefore, 
the Subject can visually recognize a relationship between the 
motion analysis result and the hit ball direction without 
imposing an excessive burden thereon. 
0130. According to the motion analysis system 1 or the 
motion analysis apparatus 20 of the first embodiment, it is 
possible to clearly differentiate a ball hitting action of the 
Subject from a predetermined action for specifying a hit ball 
direction by detecting a simple action Such as tapping the 
ground with the golf club 3 or stopping for a predetermined 
time or more, performed after the subject 2 hits the ball and 
before the subject performs the predetermined action for 
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specifying the hit ball direction. Therefore, it is possible to 
reduce a probability of wrongly specifying a hit ball direc 
tion. 

1-2. Second Embodiment 

I0131. In the motion analysis system 1 of a second 
embodiment, the motion analysis apparatus 20 generates hit 
ball information including a hit ball direction and the way of 
a hit ball curving, and stores and displays analysis informa 
tion and the hit ball information in correlation with each 
other. A fundamental configuration of the motion analysis 
system 1 of the second embodiment is the same as in the first 
embodiment, and thus the same constituent elements as 
those of the motion analysis system 1 of the first embodi 
ment are given the same reference numerals, and repeated 
description will be omitted. Hereinafter, a description will be 
made focusing on the content which is different from the first 
embodiment. 
I0132 FIG. 15 is a diagram illustrating procedures of 
actions performed by the Subject 2 in the motion analysis 
system 1 of the second embodiment. As illustrated in FIG. 
15, the subject 2 holds the golf club 3 and stops for a 
predetermined time period or more (S1), performs a Swing 
action so as to hit the golf ball 4 (S2), and performs a 
predetermined action indicating completion of the Swing 
(S3), in the same manner as in FIG. 3. 
0.133 Finally, the subject 2 checks a hit ball direction and 
the way of the hit ball curving, and performs a predeter 
mined action (an example of a third action) in correlation 
with the hit ball direction and the way of the hit ball curving 
(S4). 
0.134 FIG. 16 is a diagram for explaining an example of 
an action performed by the subject in correlation with the hit 
ball direction and the way of the hit ball curving in step S4 
in FIG. 15. For example, as illustrated in FIG. 16, the subject 
2 performs an action of twisting the arm holding the golf 
club 3 to the right in a case where the golf ball 4 is sliced to 
curve right, and performs an action of twisting the arm to the 
left in a case where the ball is hooked to curve left, while 
indicating the hit ball direction with the golf club 3. If the 
subject 2 twists the arm, the sensor unit 10 is rotated to the 
right (R) (rotated clockwise) or to the left (L) (rotated 
counterclockwise) around a long axis (shaft axis) of the golf 
club 3. In a case where the action illustrated in FIG. 16 is 
performed, for example, the Subject 2 may not perform an 
action of twisting the arm in a case where the golf ball 4 flies 
without curving, and may perform an action of twisting the 
golf club 3 or the arm so that a rotation amount or a rotation 
speed of the sensor unit 10 is increased as curving becomes 
larger in a case where the golf ball 4 flies while curving. 
0.135 The motion analysis apparatus 20 analyzes motion 
performed by the subject 2 using data measured by the 
sensor unit 10, so as to generate motion analysis information 
(Swing information) and hit ball information (including the 
hit ball direction and the way of the hit ball curving), and 
stores the information pieces in the storage section in 
correlation with each other. The motion analysis apparatus 
20 displays the motion analysis information and the hit ball 
information on a display section in correlation with each 
other through a predetermined input operation or automati 
cally. 
0.136 Particularly, in the present embodiment, the action 
detection portion 202 detects the stoppage action (the action 
in step S1 in FIG. 15) performed by the subject 2 before 
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starting a Swing action, the predetermined action (the action 
in step S3 in FIG. 15) indicating completion of the Swing, 
and the predetermined action (the action in step S4 in FIG. 
15) performed in correlation with the hit ball direction and 
the way of the ball curving, in correlation with the time. The 
action detection portion 202 detects a timing (time point) at 
which the subject 2 has hit the ball in the period of the swing 
action (the action in step S2 in FIG. 15). 
0.137 The hit ball information generation portion 204 
specifies a hit ball direction and the way of the hit ball 
curving according to the predetermined action (the action in 
step S4 in FIG. 15) performed by the subject 2 in correlation 
with the hit ball direction and the way of the hit ball curving, 
detected by the action detection portion 202, and generates 
hit ball information including the hit ball direction and the 
way of the hit ball curving. In a case where the subject 2 does 
not want to store information regarding a hit ball direction 
and the way of the hit ball curving such as a case where the 
subject has missed a ball, or causes the ball not to fly almost 
straight, the Subject may not perform the predetermined 
action correlated with a hit ball direction and the way of the 
hit ball curving. 
0138 FIG. 17 is a flowchart illustrating examples of 
procedures of a motion analysis process performed by the 
processing section 200 in the second embodiment. 
0139. As illustrated in FIG. 17, in the same manner as in 
FIG. 7, first, the processing section 200 performs processes 
in steps S10 and S20, and processes in steps S30 to S50 and 
processes in steps S60 and S70 in parallel. Particularly, in 
the present embodiment, the processing section 200 per 
forms a process of detecting an action correlated with a hit 
ball direction and the way of the hit ball curving in step S50. 
0140 Next, the processing section 200 performs a pro 
cess in step S80 in the same manner as in FIG. 7, and then 
performs a process of specifying the hit ball direction and 
the way of the golf ball 4 curving on the basis of changes in 
the position or the attitude of the sensor unit 10 so as to 
generate hit ball information (S90). 
0141 Next, the processing section 200 stores the motion 
analysis information and the hit ball information generated 
in step S80 in correlation with each other (S100). 
0142 Finally, the processing section 200 displays the 
motion analysis information and the hit ball information 
stored in step S100, in correlation with each other, in a case 
where there is a predetermined input operation (Y in S110) 
(S120). 
0143. In step S120, the processing section 200 may 
display a face angle (p and an incidence angle 0 during ball 
hitting, and a hit ball direction and the way of the hit ball 
curving in correlation with each other on a screen as 
illustrated in FIG. 13. In this case, for example, nine marks 
including combinations of three hit ball directions (the 
central direction, the right direction, and the left direction) 
and three curving ways (no curving, right curving, and left 
curving) may be displayed at coordinate positions corre 
sponding to measured face angles (p and incidence angles 0. 
For example, whether three marks for specifying a hit ball 
direction are displayed at the coordinate positions corre 
sponding to the measured face angles (p and incidence angles 
0, or three marks for specifying the way of the golf ball 4 
curving are displayed at the coordinate positions may be 
selected through an input operation. For example, if three 
marks for specifying one of a hit ball direction and the way 
of the hit ball curving are displayed at coordinate positions 
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corresponding to measured face angles (p and incidence 
angles 0, and one of the displayed marks is selected, the 
display may be changed to three marks for specifying the 
other of the hit ball direction and the way of the hit ball 
curving. The Subject 2 views Such a display image, and can 
thus recognize a trend of a relationship between the face 
angle (p and the incidence angle 0, and a hit ball direction and 
the way of the hit ball curving, or a relationship between a 
predicted hit ball direction or way of the hit ball curving, and 
an actual hit ball direction or way of the hit ball curving. 
0144. Alternatively, in step S120, the processing section 
200 may display, for example, an animation image as 
illustrated in FIG. 14, and cause the object O2 modeling the 
golf ball 4 to curve right or left so that the ball flies to the 
right direction or the left direction. The subject 2 views such 
an animation image, and can thus recognize a Swing form, 
and a relationship between a trajectory of the golf club and 
a hit ball direction or the way of the hit ball curving. 
0145 According to the motion analysis system 1 or the 
motion analysis apparatus 20 of the second embodiment, it 
is possible to analyze a Swing action of the Subject 2 using 
measured data from the sensor unit 10, and to store and 
display a Swing analysis result, and a hit ball direction and 
the way of the hit ball curving in association with each other 
by detecting a simple action performed after the Subject 2 
hits the ball, such as twisting the golf club 3 or the arm while 
indicating the hit ball direction so as to specify the hit ball 
direction and the way of the hit ball curving. Therefore, the 
Subject can visually recognize a relationship between the 
motion analysis result and the hit ball direction and the way 
of the hit ball curving without imposing an excessive burden 
thereon. 
0146 According to the motion analysis system 1 or the 
motion analysis apparatus 20 of the second embodiment, it 
is possible to clearly differentiate a ball hitting action of the 
Subject 2 from a predetermined action for specifying a hit 
ball direction and the way of the hit ball curving by detecting 
a simple action performed after the subject 2 hits the ball and 
before the subject performs the predetermined action for 
specifying the hit ball direction and the way of the hit ball 
curving. Therefore, it is possible to reduce a probability of 
wrongly specifying a hit ball direction or the way of the hit 
ball curving. 

2. MODIFICATION EXAMPLES 

0147 The invention is not limited to the present embodi 
ment, and may be variously modified within the scope of the 
spirit of the invention. 
0.148. For example, the subject 2 may perform an action 
of tapping the ground with the golf club 3 by the number of 
times corresponding to a hit ball direction in order to specify 
the hit ball direction or the way of the hit ball curving. For 
example, an action of tapping once indicates that a hit ball 
direction is a central direction, or the ball does not curve, an 
action of tapping twice indicates that a hit ball direction is 
the right direction, or the ball curves right, and an action of 
tapping three times indicates that a hit ball direction is the 
left direction, or the ball curves left. 
0149. In the above-described respective embodiments, 
the motion analysis apparatus 20 specifies a hit ball direction 
using measured data from the acceleration sensor 100 or the 
angular velocity sensor 110 mounted in the sensor unit 10, 
but, other kinds of sensors may be mounted in the sensor unit 
10, and the motion analysis apparatus 20 may specify a hit 
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ball direction using measured data from the sensors. For 
example, since a geomagnetic sensor measures an azimuth, 
the motion analysis apparatus 20 can easily specify whether 
a hit ball direction is the central direction, the right direction, 
or the left direction, using measured data from the geomag 
netic sensor. 
0150. In the above-described respective embodiments, 
the motion analysis apparatus 20 specifies left and right hit 
ball directions, that is, hit ball directions projected on the 
horizontal plane using measured acceleration data orangular 
velocity data, but may specify upper and lower hit ball 
directions, that is, hit ball directions projected onto a plane 
which is perpendicular to the horizontal plane. The sensor 
unit 10 may be provided with a different kind of sensor from 
the acceleration sensor or the angular velocity sensor, and 
the motion analysis apparatus 20 may specify upper and 
lower hit ball directions using measured data from the 
sensor. For example, since a pressure sensor measures the 
atmospheric pressure (the atmospheric pressure becomes 
lower as the altitude becomes higher), the motion analysis 
apparatus 20 can easily specify whether a hit ball direction 
is an upper direction or a lower direction using measured 
data from the pressure sensor. 
0151. In the above-described respective embodiments, 
the motion analysis system (motion analysis apparatus) 
analyzing a golf Swing has been exemplified, but the inven 
tion is applicable to a motion analysis system (motion 
analysis apparatus) using various exercise appliances Such 
as a tennis racket or a baseball bat. 
0152. In the above-described respective embodiments, 
the motion analysis apparatus 20 performs motion analysis 
using measured data from a single sensor unit 10, but, a 
plurality of sensor units 10 may be attached to the golf club 
3 or the Subject 2, and the motion analysis apparatus 20 may 
perform motion analysis using measured data from the 
plurality of sensor units 10. 
0153. In the above-described respective embodiments, 
the sensor unit 10 and the motion analysis apparatus 20 are 
provided separately from each other, but maybe integrated 
into a motion analysis apparatus which can be attached to an 
exercise appliance or a Subject. 
0154 The above-described respective embodiments and 
respective modification examples are only examples, and the 
invention is not limited thereto. For example, the respective 
embodiments and the respective modification examples may 
be combined with each other as appropriate. 
0155 For example, the invention includes substantially 
the same configuration (for example, a configuration in 
which functions, methods, and results are the same, or a 
configuration in which objects and effects are the same) as 
the configuration described in the embodiment. The inven 
tion includes a configuration in which an in essential part of 
the configuration described in the embodiment is replaced 
with another part. The invention includes a configuration 
which achieves the same operation and effect or a configu 
ration capable of achieving the same object as in the 
configuration described in the embodiment. The invention 
includes a configuration in which a well-known technique is 
added to the configuration described in the embodiment. 
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0159. 4 GOLF BALL 
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O161 20 MOTION ANALYSIS APPARATUS 
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0164. 120 SIGNAL PROCESSING SECTION 
0.165. 130 COMMUNICATION SECTION 
0166 200 PROCESSING SECTION 
(0167] 201 DATA ACQUISITION PORTION 
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1. A motion analysis apparatus comprising: 
an action detection portion that detects a first action 

performed in correlation with a hit ball direction after 
a subject hits a ball using measured data which is 
measured by a sensor unit attached to at least one of an 
exercise appliance and the Subject operating the exer 
cise appliance; 

a hit ball information generation portion that specifies a 
hit ball direction according to the first action and 
generates hit ball information including the hit ball 
direction; 

a motion analysis portion that analyzes motion in which 
the Subject has hit the ball using the exercise appliance 
and generates motion analysis information; and 

a storage processing portion that stores the motion analy 
sis information and the hit ball information in a storage 
section in correlation with each other. 

2. The motion analysis apparatus according to claim 1, 
further comprising: 

a display processing portion that displays the motion 
analysis information and the hit ball information on a 
display section in correlation with each other. 

3. The motion analysis apparatus according to claim 1, 
wherein the first action is an action of indicating a hit ball 

direction. 
4. The motion analysis apparatus according to claim 1, 
wherein the first action is an action of twisting the 

exercise appliance or the arm of the Subject. 
5. The motion analysis apparatus according to claim 1, 
wherein the action detection portion detects a second 

action performed after the subject hits the ball using the 
exercise appliance and before the subject performs the 
first action, using the measured data, and 

wherein, in a case where the second action is detected, the 
hit ball information generation portion specifies a hit 
ball direction according to the first action and generates 
hit ball information including the hit ball direction. 

6. The motion analysis apparatus according to claim 5. 
wherein the second action is an action of applying impact 

to the exercise appliance. 
7. The motion analysis apparatus according to claim 5. 
wherein the second action is an action of stopping the 

exercise appliance. 



US 2017/002461 O A1 

8. The motion analysis apparatus according to claim 1, 
wherein the action detection portion detects a third action 

performed in correlation with the way of a hit ball 
curving after the Subject hits the ball, using the mea 
Sured data, and 

wherein the hit ball information generation portion speci 
fies the way of the hit ball curving according to the third 
action and generates the hit ball information including 
the hit ball direction and the way of the hit ball curving. 

9. The motion analysis apparatus according to claim 1, 
wherein the motion analysis portion generates the motion 

analysis information using the measured data. 
10. A motion analysis system comprising: 
the motion analysis apparatus according to claim 1, and 
the sensor unit. 
11. A motion analysis method comprising: 
detecting a first action performed in correlation with a hit 

ball direction after a subject hits a ball using measured 
data which is measured by a sensor unit attached to at 
least one of an exercise appliance and the Subject 
operating the exercise appliance; 

generating hit ball information including hit ball direction 
by specifying the hit ball direction according to the first 
action; 

generating motion analysis information by analyzing 
motion in which the subject has hit the ball using the 
exercise appliance; and 

storing the motion analysis information and the hit ball 
information in a storage section in correlation with each 
other. 

12. The motion analysis method according to claim 11, 
further comprising: 

calculating an attitude of the sensor unit using measured 
data which is measured by the sensor unit, 

wherein, in the generating of the hit ball information, the 
hit ball direction is specified on the basis of an attitude 
of the sensor unit when the subject performs the first 
action. 

13. The motion analysis method according to claim 12, 
further comprising: 
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detecting a timing at which the subject has hit the ball 
using data measured by the sensor unit after the Subject 
starts motion; 

detecting a second action performed before the Subject 
performs the first action, using data measured by the 
sensor unit after the timing; and 

generating hit ball information including a hit ball direc 
tion by specifying the hit ball direction according to the 
first action after detecting the second action. 

14. A display method of motion analysis information 
comprising: 

detecting a first action performed in correlation with a hit 
ball direction after a subject hits a ball using measured 
data which is measured by a sensor unit attached to at 
least one of an exercise appliance and the Subject 
operating the exercise appliance; 

generating hit ball information including a hit ball direc 
tion by specifying the hit ball direction according to the 
first action; 

analyzing motion in which the subject has hit the ball 
using the exercise appliance, so as to generate motion 
analysis information; and 

displaying the motion analysis information and the hit ball 
information on a display section in correlation with 
each other. 

15. A program causing a computer to execute: 
detecting a first action performed in correlation with a hit 

ball direction after a subject hits a ball using measured 
data which is measured by a sensor unit attached to at 
least one of an exercise appliance and the subject 
operating the exercise appliance; 

generating hit ball information including a hit ball direc 
tion by specifying the hit ball direction according to the 
first action; 

generating motion analysis information by analyzing 
motion in which the subject has hit the ball using the 
exercise appliance; and 

displaying the motion analysis information and the hit ball 
information on a display section in correlation with 
each other. 


